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Abstract of JP1 1329257 

PROBLEM TO BE SOLVED: To eliminate 
power loss and disconnection in a transparent 
electrode, to stabilize a performance, and to 
enhance luminous efficiency. 
SOLUTION: A metal electrode 420 is provided 
so as to be overlapped partially to a 
transparent electrode 41 in a direction 
opposing to the second substrate, 
overlappedly on a light-proof film overlapped 
on one portion of an area of the transparent 
electrode 41, to reflect visible radiation 
radiated from a phosphor. As a result 
problems such as a power loss, disconnection 
and the like in the electrode 41 are solved, the 
visible. radiation radiated from the phosphor is 
reflected to a phosphor side without being 
absorbed, and luminous efficiency is enhanced 
thereby. 
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PLASMA DISPLAY PANEL AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a plasma display 
panel, and more particularly, to a plasma display panel capable 
improving brightness. 

Description of the Related Art 

[0002] Figs, 6 to 8 show a related art surface discharge 
plasma display panel (PDP) disclosed in Japanese Patent No. 9- 
129142. Fig. 6 is a perspective view of the PDP and Fig. 8 is a 
sectional view of a main part of the PDP. 

[0003] In Fig. 6, a reference numeral 1 represents a PDP. 
Reference numerals 11 and 21 represents a front glass substrate 
(hereinafter, referred to as a first substrate), and a rear glass 
substrate (hereinafter, referred to as a second substrate) facing 
the first substrate 11, respectively. The second substrate 21 is 
encapsulated with the first substrate 11 by material such as flit 
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glass. Reference numerals 41 and 42 represent a transparent 
electrode and a metal electrode disposed on the transparent 
electrode 41, respectively. A reference numeral 17 represents a 
dielectric layer disposed on the transparent electrode 41 and the 
metal electrode 42 and formed of, for example, PbO-based glass. 
A reference numeral 18 represents a passivation layer formed of, 
for example, MgO on the dielectric layer 17. A reference numeral 
30 represents a discharge space filled with a discharge gas, 
where a gas discharge is generated. Reference numerals 29, A and 
24 represent a barrier rib, an address electrode, and an 
insulating layer formed on the address electrode A, respectively. 
A reference numeral 22 represents a support layer on which the 
address electrode A is formed on the second substrate 21. 

[0004] Reference symbols X and Y represent a display 
electrode including the transparent electrode 41 and the metal 
electrode 42, and a display electrode including the transparent 
electrode 41 and the metal electrode 42, respectively. The 
display electrodes' X and Y are paired and constitute a display 
line L. A direction in which the display line L is extending is 
assigned as a first direction. Reference symbols 28R, 28G and 
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28B represent red, green and blue phosphor layers, respectively. 
Hereinafter, if specific separation is not needed, they are 
generally referred to as a phosphor layer 28. 

[0005] In Fig. 8a, a reference symbol SI represents a gap 
(hereinafter, referred to as a discharge slit) between the 
display electrode X and the display electrode Y in each line L, 
and a reference symbol S2 is a gap (hereinafter, referred to as a 
reverse slit) between the display electrode Y in one line L and 
the display electrode X in the other line L in the adjacent lines 
L. A reference numeral 45 represents a black matrix disposed at 
the reverse slit S2. Fig. 8b is an enlarged view of the main 
part of the PDP. 

[0006] A related art PDP 1 will be described with reference 
to Figs. 6 and 7. In an inner surface of the first substrate (a 
first substrate's surface facing the second substrate 21), the 
display electrodes X and Y for generating surface discharge 
according to the substrate surface are arranged by line pitch of 
660 urn (distance between centers of the lines in a line 
direction) in order to matrix display. The display electrodes X 
and Y are parallel to each other. 
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[0007] The pair of the display electrodes X and Y includes a 
transparent electrode 41 and a metal electrode 42. The 
transparent electrode 41 has a wide width and is formed of ITO 
thin film having a thickness of 0.1 urn and a width of 180 urn. 
The metal electrode 42 has a narrow width and is formed of a 
metal thin film (Cu/Cr/Cu) having a thickness of 1 um and a width 
of 60 um. 

[0008] Meanwhile, the inner surface of the second substrate 
21 (a second substrate's surface facing the first substrate 11) 
is in a direction perpendicular to the first direction formed by 
firing Ag paste. For example, an address electrode A having a 
thickness of 10 um is arranged. A direction in which the address 
electrode A is extending is referred to as a second direction. 
Also, the insulating layer 24 and the lower support layer 22 with 
a thickness of 10 um are disposed on the upper and lower portion 
of the address electrode A. 

[0009] On the insulating layer 24, one barrier rib 29 
extending in parallel in the second direction is arranged between 
the address electrodes. The barrier rib 29 prevents a leakage of 
the gas discharge or a light leakage (light crosstalk) between 
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adjacent discharge spaces. Also, the red, green and blue 
phosphor layers 28 are formed to cover the surface of the 
insulating layer 24 and the side surface of the barrier rib 29. 
The phosphor layers 28 are excited by ultraviolet radiation 
generated by surface discharge and emit visible rays 
corresponding to the red, green and blue light (conversion of 
ultraviolet ray into visible ray) . 

[0010] In the discharge space 30, the discharge cell is 
defined by intersections of the address electrode A and the 
display electrodes X and Y perpendicular to the address electrode 
A. The discharge cell is selected by applying an address pulse 
to the address electrode A and applying a scan pulse to the 
display electrode Y. In the selected discharge cell, a writing 
discharge occurs between the address electrode A and the display 
electrode Y and also a discharge occurs between the display 
electrode X and the display electrode Y, such that wall charges 
are accumulated on the dielectric layer 17 (strictly, the 
passivation layer 18) . Then, a gas discharge (a sustain 
discharge or a display discharge) is maintained by alternately 
applying a sustain voltage to the display electrode X and the 
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display electrode Y. As a result, the light emission from the 
phosphor layers 28 is sustained. In this manner, the discharge 
and non-discharge of the discharge cell are controlled, and a 
desired image is displayed by selecting the discharge cell by the 
writing discharge and temporally changing the emission state of 
the phosphor layer 28 during the display discharge period. 

[0011] In Fig. 8, the black matrix 45 for shielding visible 
rays is arranged in each reverse slit S2, such that it directly 
contacts with the inner surface of the first substrate 11 so as 
to prevent degradation of the contrast due to the scatter in the 
phosphor layer 28 having non-emission state of white or soft gray 
color. As shown in Fig. 7, each black matrix 45 is patterned in 
a band shape extending in the direction of the display line. As 
shown in Figs. 8a and 8b, it is arranged to overlap with a region 
interposed between the display electrode X and the display 
electrode Y in the adjacent display lines L. 

[0012] The black matrix 45 will be described with reference 
to Figs. 8a and 8b. The black matrix 45 is formed spaced apart 
by a predetermined distance such that light can be transmitted 
through a region corresponding to the display line L on the first 
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substrate 11. The transparent electrode 41 is connected to both 
ends of the black matrix 45. Also, the metal electrode 42 is 
formed on the transparent electrode 41. The dielectric layer 17 
is formed to cover each surface of the first substrate 11, the 
black matrix 45, the transparent layer 41, and the metal 
electrode 42. The passivation layer 18 is formed on the 
dielectric layer 17. 

[0013] Due to this black matrix 45, stripe-shaped light- 
shielding patterns are formed on the display screen. The 
phosphor layer 28 corresponding to the reverse slit S2 between 
the display lines L are shielded from the external light, thus 
increasing the contrast. 

[0014] In the related art, the external light entering from 
the first substrate 11 does not reach the phosphors 28 by the 
black matrix 45 and the contrast is increased. However, since 
the transparent layer 41 is formed to partially overlap with the 
black matrix 45 formed on the first substrate 11, a step 
corresponding to a thickness of the black matrix 45 is formed. 
Since the original transparent electrode 41 has a thickness of 
0.1 urn, hole or current concentration easily occurs in the 
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stepped portion. Also, power loss or breaking of electrodes 
easily occurs, and there is a problem in the stability of 
performance. The transparent electrode 41 must be formed after 
firing the black matrix 45 and then the metal electrode 42 is 
also formed by a firing process. That is, the firing process 
must be performed at least two times in order to form the metal 
electrode 42, thus degrading the production efficiency. 

[0015] The light emission from the first substrate 11 in the 
phosphor 28 around the first display line L will be described 
with reference to Figs. 9 and 10. As shown in Fig. 9, in the 
first display line L, a width of the transparent electrode 41 for 
the display electrode X is about 180 urn and a width of the 
discharge slit SI is about 50 urn, a width of the transparent 
electrode 41 for the display electrode Y is about 180 urn. The 
sum of the widths, that is, 410 urn, is the maximum width for the 
first display line L. Since the metal electrode 42 is made of 
Cr/Cu/Cr, light cannot be transmitted. 

[0016] As shown in Fig. 9, the metal electrode 42 made of 
Cr/Cu/Cr has a width of about 60 urn and is disposed at a side 
opposite to the transparent electrode 41. Accordingly, the 
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aperture width in the first display line L is about 290 urn for 
the maximum width of about 410 urn and is about 60% for the 
maximum width (hereinafter, referred to as a line aperture ratio) . 

[0017] Then, the light emission from the second substrate 21 
in the phosphor 28 around the first display line L will be 
described with reference to Fig. 10. 

[0018] In Fig. 10, only the first substrate 11 is illustrated. 
The metal electrode 42 is made of Cr/Cu/Cr. With respect to the 
visible rays, it is a blackish component that absorbs light in a 
visible ray range. In the phosphor 28, the generated light 
repeats the reflection within the discharge cell and exits the 
first substrate 11 through the aperture width (indicated by <=i) . 
However, since the metal electrode 42 made of Cr/Cu/Cr absorbs 
some of the generated light (indicated by+am ) , the line aperture 
ratio cannot exceed 60% and the final luminous efficiency cannot 
be increased. Also, a solid arrow represents an external light 
incident from the display surface H, and a dotted arrow 
represents a shielding of the external light. 
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[0019] Accordingly, the present invention is directed to a 
PDP and a method for manufacturing the same that substantially 
obviate one or more problems due to limitations and disadvantages 
of the related art. 

[0020] An object of the present invention is to provide a PDP 
and a method for manufacturing the same, in which there is no 
power loss or breaking of a transparent electrode, thereby 
providing stable performance and high luminous efficiency. 

[0021] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objective and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0022] To achieve these objective and other advantages and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, there is provided a PDP for displaying 
an image based on a gas discharge in discharge cells formed 
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between a first substrate and a second substrate, the first 
substrate facing the second substrate, wherein the first 
substrate includes: a) transparent electrode pairs having 
transparent electrodes arranged in parallel and spaced apart from 
each other by a predetermined distance along a direction of a 
display line; b) a black matrix disposed between the transparent 
electrode pairs adjacent to each other and overlapped with a 
portion of each transparent electrode of the transparent 
electrode pair in a direction facing the second substrate; c) a 
metal electrode overlapped with the black matrix such that a 
portion of the metal electrode is overlapped with the transparent 
electrode in a direction facing the second substrate; and d) a 
dielectric layer covering the transparent electrode pair, the 
black matrix and the metal electrode, and a passivation covering 
the dielectric layer, and wherein the second substrate includes a 
phosphor disposed at a surface facing the first substrate, the 
phosphor converting ultraviolet rays generated by the gas 
discharge into visible rays. 

[0023] In this embodiment, the black matrix formed between 
the adjacent transparent electrode pairs and the black matrix 
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overlapped with the portion of the each transparent electrode in 
the direction facing the second substrate are formed continuously. 

[0024] In this embodiment, the black matrix formed between 
the adjacent transparent electrode pairs and the black matrix 
overlapped with the portion of the each transparent electrode in 
the direction facing the second substrate are formed 
intermittently. 

[0025] In this embodiment, the metal electrode is formed 
using non-pigmented metal. 

[0026] In this embodiment, the black matrix is a dark color. 

[0027] In another aspect of the present invention, there is 
provided a method for manufacturing a PDP for displaying an image 
based on a gas discharge in discharge cells formed between a 
first substrate and a second substrate, the first substrate 
facing the second substrate, the method including: preparing 
transparent electrode pairs having transparent electrodes 
arranged in parallel and spaced apart from each other by a 
predetermined distance on a first substrate's surface facing the 
second substrate; coating a first photosensitive paste on an 
entire surface of the first substrate where the transparent 
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electrode pairs are formed, and drying the first photosensitive 
paste; exposing the dried first photosensitive paste through a 
first mask such that a portion of each of the transparent 
electrodes is exposed, and developing the first photosensitive 
paste; coating a second photosensitive paste on an entire surface 
of the first substrate containing .the developed first 
photosensitive paste, and drying the second photosensitive paste; 
exposing the dried second photosensitive paste through a second 
mask, such that one end of the photosensitive paste contacts with 
the transparent electrode and the other end contacts with the 
developed first photosensitive paste; forming a black matrix and 
a metal electrode by simultaneously firing the first and second 
photosensitive pastes; forming a phosphor layer on a second 
substrate's surface facing the first substrate, the phosphor 
layer converting ultraviolet rays generated by the gas discharge 
into visible rays; and attaching the first substrate to the 
second substrate. 

[0028] In this embodiment, the black matrix formed between 
the adjacent transparent electrode pairs and the black matrix 
overlapped with the portion of the each transparent electrode in 
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the direction facing the second substrate are formed continuously. 

[0029] In this embodiment, the black matrix formed between 
the adjacent transparent electrode pairs and the black matrix 
overlapped with the portion of the each transparent electrode in 
the direction facing the second substrate are formed 
intermittently. 

[0030] In this embodiment, the metal electrode is formed 
using non-pigmented metal. 

[0031] In this embodiment, the black matrix is a dark color. 

[0032] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment ( s ) of the invention and together with the 
description serve to explain the principle of the invention. In 
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the drawings: 

[0034] Fig. 1 is a flowchart of a method for manufacturing a 
PDP according to first and second embodiments of the present 
invention; 

[0035] Fig. 2 is a cut-away view that partially shows a front 
panel according to a first embodiment of the present invention; 

[0036] Fig. 3 shows a manufacturing process of a front panel 
according to a first embodiment of the present invention; 

[0037] Fig. 4 is a cut-away view that partially shows a front 
panel according to a second embodiment of the present invention; 

[0038] Fig. 5 shows a manufacturing process of a front panel 
according to a second embodiment of the present invention. 

[0039] Fig. 6 is a cut-away view showing a structure of a 
related art PDP; 

[0040] Fig. 7 is a schematic view of a related art black 
matrix arrangement; 

[0041] Fig. 8 is a partial sectional view showing a structure 
of X and Y electrodes of a related art PDP; 

[0042] Fig. 9 is a schematic view for explaining a line 
aperture ratio; and 
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[0043] Fig. 10 is a schematic view for explaining light 
incidence and light emission in a related art PDP. 

DETAILED DESCRIPTION OF THE INVENTION 
[0044] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0045] (Common parts in the embodiments) 

[0046] Fig. 1 is a flowchart illustrating a method for 
manufacturing a PDP. FS1 is a process of manufacturing a first 
substrate 11 according to the present invention, and FS2 is a 
known process of manufacturing a second substrate 21. 

[0047] A plurality of address electrodes A is formed spaced 
apart from one another in parallel. Barrier ribs are formed 
between the address electrodes A using a screen printing method. 
A phosphor region is formed to cover an upper portion of the 
address electrode A and sides of the barrier ribs. A process SF2 
of manufacturing a rear panel is finished (completion of the rear 
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panel) . 

[0048] Transparent electrodes corresponding to the plurality 
of display electrodes X and Y spaced apart in parallel are formed 
on the first substrate 11 (SF11) . A formation of the metal 
electrode (FS13), a sequential formation of the dielectric layer 
and passivation layer (SF14), and a process of manufacturing the 
front panel (FS1) are completed (completion of the front panel) . 

[0049] Then, glass having low fusion point is coated around 
the front panel and the rear panel made by the processes FS1 and 
FS2 , and then heated and attached to each other. The front panel 
and the rear panel are sealed. A gas is exhausted through a 
discharge pipe disposed at the rear panel side and a gas is 
filled, thus completing the PDP (FS3) . Hereinafter, the 
embodiments of the present invention including the process of FS1 
will be described below. 

[0050] Figs. 1 and 2 are perspective views of a PDP according 
to the present invention. The same reference numerals are used 
to refer to the same elements throughout the drawings. Since the 
second substrate 21 has the same structure as that of the related 
art, the first substrate 11 will be mainly described. In Figs. 1 

17 



JP11-329257 



and 2, reference numerals 450 and 420 represent a black matrix 
and a metal electrode, respectively. 

[0051] Referring to Figs. 1 and 2, transparent electrodes 41 
(hereinafter, referred to as a transparent electrode pair) are 
formed in parallel at a predetermined gap along a direction of a 
display line. A black matrix 450 is overlapped between the 
transparent electrode pair and in some region of the transparent 
electrodes 41 constituting the transparent electrode pair in a 
direction opposite to the second substrate 21. On the black 
matrix 450 overlapped with some region of the transparent 
electrode 41, the metal electrode 420 is formed to overlap with 
the transparent electrode 41 in a direction opposite to the 
second substrate 21. 

[0052] A dielectric layer 17 is formed to cover the 
transparent electrode pair 41, the black matrix 450, and the 
metal electrode 420. A passivation layer 18 is formed to cover 
the dielectric layer 17. 

[0053] In this case, the metal electrode 420 uses non- 
pigmented metal materials (e.g., pure Ag, pure Au, etc.) having 
white color or metallic gloss, which does not change into black 
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color with respect to the visible rays. The non-pigmented metal, 
for example a pure Ag or pure Au, has high electrical 
conductivity and high optical reflectivity of the visible rays. 
Meanwhile, in order to shield the incidence of the external light, 
the black matrix 450 is formed using a member that changes into a 
dark color (for example, a black color) with respect to the 
visible rays. 

[0054] The first substrate 11, the transparent substrate 41, 
the black matrix 450, the metal electrode 420 including a region 
420B overlapped with a portion of the black matrix 450 and a 
region 420A overlapped with and electrically connected to the 
transparent electrode 41, the dielectric layer 17 formed of PbO- 
based glass on the metal electrode 420, and an MgO passivation 
layer 18 overlapped with the dielectric layer 17 are sequentially 
formed on the display surface H of the first substrate 11. 

[0055] Because of this layer structure, the black matrix 450 
formed on the transparent electrode 41 shields the external light 
incident from the display surface H through the transparent 
electrode 41. Meanwhile, in the inner side of the discharge cell, 
the metal electrode 420 covers the region 420B overlapped with at 
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least the transparent electrode 41 of the black matrix 450 with 
respect to the visible rays emitted from the phosphor 28. 
Therefore, the visible rays generated to the inside of the 
discharge cell is not absorbed but reflected. Consequently, 
there is almost no loss of the visible rays at the corresponding 
metal electrode 420. In addition, the function of the metal 
electrode 42 as an electrode is achieved by the region 420A 
overlapped with and electrically connected to the transparent 
electrode 41. 

[0056] Also, the dielectric layer 17 and the passivation 
layer 18 are transparent with respect to the visible rays, and 
the metal electrode 420 is directed to the phosphor 28 disposed 
on the second substrate 21. Accordingly, by using material that 
reflects the light (visible rays) emitted by the phosphor 28, the 
visible rays emitted by the phosphor 28 is not absorbed, but 
efficiently reflected into the discharge cell. Compared with the 
related art, strength of the light emitted from the line aperture 
becomes larger. Thus, the line aperture ratio substantially 
exceeds 60%, thereby increasing a light use efficiency and thus 
luminous efficiency. 
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[0057] In addition, on the second substrate 21, the phosphor, 
is disposed on a surface opposite to the first substrate 11 such 
that the ultraviolet rays generated by gas discharge is converted 
into the visible rays. Barrier ribs are disposed between the 
first substrate 11 and the second substrate 21 so as to prevent 
abnormal discharge between adjacent discharge cells or light 
leakage between discharge cells. A write electrode is disposed 
for performing a writing discharge to the discharge cell. 

[0058] Fig. 3 is views illustrating a method for 
manufacturing the stack structure. In Fig. 3, a reference numeral 
100 is a black pigment for the black black matrix 450, for 
example, a photosensitive black paste (paste A) containing oxide 
group and cobalt oxide. A reference numeral 300 is an exposure 
mask A patterned to leave the paste A 100 in a portion of the 
transparent electrode 41. A reference numeral 101 is a 
photosensitive paste (paste B) for the metal electrode 420. A 
reference numeral 301 is an exposure mask B patterned to leave 
the metal electrode 420. 

[0059] On the first substrate's surface facing the second 
substrate 21, the transparent electrode 41 is provided with the 
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transparent electrode pair spaced apart from each other in 
parallel. The continuous black matrix 4 50 and the metal 
electrode 420 are provided by the following processes of: a) 
coating the paste A 100 as a first photosensitive paste on an 
entire surface of the first substrate 11 where the transparent 
electrode pair is formed, and drying the paste A 100; b) exposing 
and developing the dried paste A 100 through the exposure mask A 
300 as a first mask, such that a portion of each transparent 
electrode 41 is exposed; c) coating the paste B 101 as a second 
photosensitive paste on an entire surface of the first substrate 
11 including the developed paste A 100, and drying the paste B 
101; d) exposing and developing the dried paste B 101 through the 
exposure mask B 301 as a second mask, such that one side of the 
paste B contacts with the transparent electrode 41 and the other 
side thereof contacts with the developed paste A 100; and e) 
simultaneously firing the developed pastes A and B 100 and 101 to 
form the black matrix 459 and the metal electrode 420. 

[0060] A method for forming the stack structure will be 
described below in detail. First, the transparent electrodes 41 
corresponding to the X electrode and the Y electrode are formed 
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on the first substrate 11 using a deposition or the like. The 
paste A 100 is coated on the entire surface of the first 
substrate 11 and the transparent electrode 41 and is dried 
(process 1 in Fig. 3(1)). 

[0061] In order to pattern the dried paste A 100, the paste A 
100 is exposed to ultraviolet radiation through the exposure mask 
A 300 (process 2 in Fig. 3(2)) and it is developed to leave the 
paste A 100 in the reverse slit S2 and a portion of the 
transparent electrode 41 (process 3 in Fig. 3(3)). 

[0062] Then, the paste B 101 for the metal electrode 420 is 
entirely coated on the first substrate 11, the transparent 
electrode 41, and the developed paste A 100, and is then dried 
(process 4 in Fig. 3(4)). 

[0063] Also, the paste B 101 used at this time uses a 
material containing pure Au or pure Ag and having a small average 
grain size of, for example, § 0.5 urn. The surface of the metal 
electrode 420 obtained finally can have an improved smoothness. 
Therefore, the reflectivity of the visible rays can be improved, 
and the breaking of wire can be prevented, and also the 
connection between the metal electrode 42 and the transparent 
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electrode 41 can be improved. 

[0064] In order to pattern the dried paste B 101, the paste B 
101 is exposed to ultraviolet radiation through the exposure mask 
B 301 (process 5 in Fig. 3(5)) and is then developed to leave the 
paste B 101 corresponding to the metal electrode 420. 

[0065] The structure where the dried paste A 100 and the 
dried paste B 101 are stacked in a predetermined pattern is fired 
(process 6 in Fig. 3(6)). Then, the dielectric layer 17 and the 
passivation layer 18 are formed. In this manner, the process of 
forming the stack structure on the first substrate 11 is 
completed. In addition, as described above, the first substrate 
11 is attached to the second substrate 21 where the barrier ribs, 
the phosphors and the write electrodes are formed. Then, 
sequential processes including an encapsulation process, a vacuum 
process, a discharge gas filling process, and a sealing process 
are performed to thereby complete the manufacture of the PDP. 

[0066] In this method, the metal electrode 420 and the black 
matrix layer 450 are obtained though a simultaneous firing 
process for the each paste, thereby making it possible to reduce 
the PDP manufacturing process. 
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[0067] Also, a phosphor layer for converting UV rays due to 
the gas discharge into visible rays is formed on a surface of the 
second substrate 21, which faces the first substrate 11. The PDP 
is completely manufactured by attaching the first and second 
substrates 11 and 21 together. 

[0068] [Embodiment 2] 

[0069] Fig. 4 illustrates a partial perspective view of a PDP 
according to a second embodiment of the present invention. Here, 
the same reference numerals will be used for the same components 
in the inventive PDP and the related art PDP. Since a second 
substrate 21 may have the same structure as the related art 
second substrate, a description will be focused on a first 
substrate 11. Referring to Fig. 4, a reference numeral 450 
denotes a black matrix layer. The black matrix layer 450 
includes a black matrix layer 450A and a black matrix layer 450B. 
Hereinafter, the black matrix layers 450A and 450B will be 
collectively called "the black matrix layer 450". Also, a 
reference numeral denotes a metal electrode according to this 
embodiment . 

[0070] As illustrated in Fig. 4, a pair of transparent 
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electrodes 41 are arranged on the first substrate 11 along the 
display line such that they are parallel to each other and spaced 
apart from each other by a predetermined distance. Hereinafter , 
the pair of transparent electrodes 41 will be also called 
"transparent electrode pair". The black matrix layer 450 is 
arranged to overlap a gap portion of the neighboring transparent 
electrode pair and a portion of each transparent electrode 41 in 
the direction facing the second substrate 21. The metal 
electrode 420 is arranged on the black matrix layer 450 
overlapping the portion of the transparent electrode such that a 
portion of it overlaps the transparent electrode 41. 

[0071] A dielectric layer 17 is arranged to cover the 
transparent electrodes 41, the black matrix layer 450, and the 
metal layer 420. A passivation layer is disposed to cover the 
dielectric layer 17. 

[0072] The metal electrode 420 is made of a white or non- 
colored metal (for example, pure Ag or pure Au) whose color is 
not changed into black by visible rays. The pure Ag or Au has a 
high conductance and a high light reflectivity for visible rays. 
The black matrix layer 450 is formed using a member whose color 
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is changed into a dark color (for example, black) by visible rays 
so as to block the incidence of external light. 

[0073] The transparent electrode 41, the black matrix layer 
450, the metal electrode 420, the dielectric layer 17, and the 
passivation layer are sequentially formed on a display surface H 
of the first substrate 11. The metal electrode 420 includes a 
portion 420B overlapping a portion of the black matrix layer 450 
and a portion 420A overlapping the transparent electrode 41 to be 
electrically connected thereto. The dielectric layer 17 is made 
of PbO glass, for example. The passivation layer 18 is made of 
MgO, for example. 

[0074] In this structure, the black matrix layer 450 blocks 
external light that is incident from the display surface H 
through the transparent electrode 41. Also, the metal electrode 
420 covers the portion 420B overlapping at least the transparent 
electrode 41 of the black matrix layer 450, thereby reflecting 
visible rays emitted from the phosphor 28. Accordingly, there is 
no loss of light at the corresponding metal electrode 420. Also, 
an electrode function of the metal electrode 420 is obtained by 
the portion 420A electrically connected to the transparent 

27 



JP11-329257 



electrode 41. 

[0075] The second embodiments is different from the first 
embodiment in that the black matrix layer 450 is divide into a 
black matrix layer A (450A) not contacting with the metal 
electrode 100 and a black matrix layer B (450B) contacting with 
the metal electrode 100 such that paste A provides the black 
matrix layers A and B. This structure prevents the black matrix 
layer B from being affected by the color change of the metal 
electrode 420. Accordingly, the black matrix layer B can 
practically serve to extremely prevent the incidence of light 
between the lines, thereby enhancing the contrast greatly. 

[0076] Also, the dielectric layer 17 and the passivation 
layer 18 are transparent with respect to visible rays, and the 
metal electrode 420 is directed toward the phosphor 28 on the 
second substrate 21. The layer 17 and 18 may be made of a 
material reflecting light (visible rays) emitted from the 
phosphor 28. In this case, the layer 17 and 18 can efficiently 
reflect the emitted light into the discharge cell. Consequently, 
the light emission and usage efficiency can be enhanced as 
described in the first embodiment. 
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[0077] Also, a phosphor is disposed on a surface of the 
second substrate 21 facing the first substrate 11 such that UV 
rays generated by gas discharge are converted into visible rays. 
Between the first substrate 11 and the second substrate 21, a 
barrier rib for preventing extraordinary discharge between 
adjacent discharge cells or light leakage between discharge cells, 
and an electrode for performing discharge of the discharge cells 
are provided. 

[0078] Fig. 5 is a process flow showing a manufacturing 
method for forming the aforementioned stack structure. In Fig. 5, 
reference numeral 100 represents a color pigment for a black 
matrix 450, for example, paste A containing oxides, oxide cobalt 
and the like, reference numeral 302 represents an exposure mask C 
patterned such that the paste A remains on some of a transparent 
electrode 41 and a black matrix pattern A 450A is spaced apart 
from a black matrix pattern B, reference numeral 101 represents a 
paste B for forming a metal electrode 420, and reference numeral 
301 represents a mask B patterned such that the metal electrode 
remains . 

[0079] Pairs of transparent electrodes spacing apart by a 
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predetermined interval from each other are disposed on a surface 
of the first substrate 11 facing the second substrate 21. The 
discrete black matrix pattern A 450A, black matrix pattern B 450B 
and the metal electrode are prepared by a method including a) 
coating paste A 100 on an entire surface of the first substrate 
11 including the pairs of transparent electrodes and drying the 
coated paste A, b) exposing the dried paste A 100 to light 
through the exposure mask C 302 such that a portion of each 
transparent electrode is exposed and the dried paste AA 100A and 
paste AB 100B are spaced apart from each other, and developing 
the exposed paste A, c) coating paste B 101 on the first 
substrate 11 including the developed paste A 100 and drying the 
coated paste B 101, d) exposing the dried paste B 101 to light 
through the mask B 101 such that some of the dried paste B 101 is 
contacted with the transparent electrode 41 and the other is 
contacted with the developed paste AA 100A, e) annealing the 
developed paste AA 100A, paste AB 100B and paste B 101 at the 
same time to form the black matrix pattern A 450A, black matrix 
pattern B 450B and the metal electrode 420, 

[0080] Hereinafter, a method for forming the stack structure 

30 



JP11-329257 



will be described in detail. First, transparent electrode 41, 41 
corresponding to X-electrode and Y-electrode is formed on the 
first substrate 11 by a process, such as evaporation and the like, 
and then paste A is coated on an entire surface of the first 
substrate including the transparent electrode 41 and is dried 
(Process 1, (1) of Fig. 5) . 

[0081] To pattern the dried paste A 100, the dried paste A 

100 is exposed by irradiation of UV rays through the exposure 
mask C 302 (Process 2, (2) of Fig. 5), and is then developed, so 
that paste AB 100B partially remains on inverse slit S2 and past 
AA 100A partially remains on the transparent electrode 41 
(Process 3, (3) of Fig. 5) . 

[0082] Afterwards, to form the metal electrode 420, paste B 

101 is coated on an entire surface of the first substrate 11 
including the transparent electrode 41, the developed paste AA 
100A and paste AB 100B and then dried (Process 4, (4) of Fig. 5. 
At this time, the paste B 101 includes pure Au or pure Ag with a 
small average diameter (e.g., <|>0 . 5|mn) . By doing so, the surface 
flatness of the metal electrode 420 obtained finally can be 
enhanced to increase the reflectivity of visible rays and at the 
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same time open failure of interconnection line is prevented and 
good connection between the metal electrode 420 and the 
transparent electrode 41 is obtained. 

[0083] To pattern the dried past B 101, the paste B 101 is 
exposed to UV rays through the mask B 301 (Process 5, (5) of Fig. 
5), and is then developed, so that paste B remains corresponding 
to the metal electrode 420. 

[0084] The dried and patterned paste AA 100A, paste AB 100B 
and paste B 101 (Process 6, (6) of Fig. 5) are simultaneously 
annealed. Thereafter, dielectric layer 17 and passivation layer 
18 are formed, thereby completing the aforementioned stack 
structure in the first substrate 11. The first substrate 11 
prepared as above is in turn subject to processes, such as 
attaching with the second substrate 21 including barrier rib, 
phosphor and electrode formed thereon, sealing, vacuum formation, 
injecting discharge gas, sealing and the like, thereby completing 
a PDP. According to the above method, since the respective 
pastes are simultaneously annealed in order to obtain the metal 
electrode 420, black matrix pattern 450A and black matrix pattern 
B 450B, the annealing is ended only one time, thereby shortening 
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the manufacturing process time of PDP. 

[0085] Also, before attaching the first substrate 11 and the 
second substrate 21, the phosphor is formed on a surface of the 
second substrate facing the first substrate 11 so as to convert 
UV rays generated by gas discharge into visible rays, thereby 
completing the PDP. 

[0086] According to a first embodiment of the present 
invention, there is provided a PDP for displaying an image based 
on a gas discharge in discharge cells formed between a first 
substrate and a second substrate, the first substrate facing the 
second substrate, wherein the first substrate includes: a) 
transparent electrode pairs having transparent electrodes 
arranged in parallel and spaced apart from each other by a 
predetermined distance along a direction of a display line; b) a 
black matrix disposed between the transparent electrode pairs 
adjacent to each other and overlapped with a portion of each 
transparent electrode of the transparent electrode pair in a 
direction facing the second substrate; c) a metal electrode 
overlapped with the black matrix such that a portion of the metal 
electrode is overlapped with the transparent electrode in a 
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direction facing the second substrate; and d) a dielectric layer 
covering the transparent electrode pair, the black matrix and the 
metal electrode, and a passivation covering the dielectric layer, 
and wherein the second substrate includes a phosphor disposed at 
a surface facing the first substrate, the phosphor converting 
ultraviolet rays generated by the gas discharge into visible rays. 
Therefore, the metal electrodes can be prevented from absorbing 
the light from the phosphor and thereby the PDP can display 
images more brightly with less light loss. 

[0087] According to a second embodiment of the present 
invention, the black matrix formed between the adjacent 
transparent electrode pairs and the black matrix overlapped with 
the portion of the each transparent electrode in the direction 
facing the second substrate are formed continuously. Therefore, 
the black matrix can be securely formed and thereby the PDP can 
display images with a higher contrast. 

[0088] According to a third embodiment of the present 
invention, the black matrix formed between the adjacent 
transparent electrode pairs and the black matrix overlapped with 
the portion of the each transparent electrode in the direction 
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facing the second substrate are formed intermittently. Therefore, 
color fading of the black matrix can be prevented from spreading, 
such that the PDP can be used for a long time with less 
degradation in contrast. 

[0089] According to a fourth embodiment of the present 
invention, the metal electrode is formed using non-pigmented 
metal. Therefore, the light from the phosphor can be reflected 
more effectively, such that the PDP can display images more 
brightly. 

[0090] According to a fifth embodiment of the present 
invention, the black matrix is a dark color. Therefore, the PDP 
can display images having high contrast. 

[0091] According to a sixth embodiment of the present 
invention, there is provided a method for manufacturing a PDP for 
displaying an image based on a gas discharge in discharge cells 
formed between a first substrate and a second substrate, the 
first substrate facing the second substrate, the method 
including: preparing transparent electrode pairs having 
transparent electrodes arranged in parallel and spaced apart from 
each other by a predetermined distance on a first substrate's 
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surface facing the second substrate; coating a first 
photosensitive paste on an entire surface of the first substrate 
where the transparent electrode pairs are formed, and drying the 
first photosensitive paste; exposing the dried first 
photosensitive paste through a first mask such that a portion of 
each of the transparent electrodes is exposed, and developing the 
first photosensitive paste; coating a second photosensitive paste 
on an entire surface of the first substrate containing the 
developed first photosensitive paste, and drying the second 
photosensitive paste; exposing the dried second photosensitive 
paste through a second mask, such that one end of the 
photosensitive paste contacts with the transparent electrode and 
the other end contacts with the developed first photosensitive 
paste; forming a black matrix and a metal electrode by 
simultaneously firing the first and second photosensitive pastes; 
forming a phosphor layer on a second substrate's surface facing 
the first substrate, the phosphor layer converting ultraviolet 
rays generated by the gas discharge into visible rays; and 
attaching the first substrate to the second substrate. Therefore, 
the black matrix can be prevented from absorbing light emitted 

36 



JP11-329257 



from the phosphor, such that the PDP can display images with a 
higher contrast. Also, the exposing operations of the first and 
second photosensitive pastes are separated to carry out the 
exposing and developing operations in different conditions, such 
that each photosensitive paste can be exposed in an optimized 
condition, thereby obtaining a desired pattern more easily and 
securely. 

[0092] According to a seventh embodiment of the present 
invention, the black matrix formed between the adjacent 
transparent electrode pairs and the black matrix overlapped with 
the portion of the each transparent electrode in the direction 
facing the second substrate are formed continuously. Therefore, 
the black matrix can be securely formed, such that the PDP can 
display images with a higher contrast. 

[0093] According to an eighth embodiment of the present 
invention, the black matrix formed between the adjacent 
transparent electrode pairs and the black matrix overlapped with 
the portion of the each transparent electrode in the direction 
facing the second substrate are formed intermittently. Therefore, 
color fading of the black matrix can be prevented from spreading, 
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such that the PDP can be used for a long time with less 

degradation in contrast. 

[0094] According to a ninth embodiment of the present 

invention, the metal electrode is formed using non-pigmented 

metal. Therefore, the light emitted from the phosphor can be 

prevented from useless absorption. 

[0095] According to a tenth embodiment of the present 

invention, the black matrix is a dark color. Therefore, the PDP 

can display images with a higher contrast. 

[0096] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the present 
invention. Thus, it is intended that the present invention 
covers the modifications and variations of this invention 
provided they come within the scope of the appended claims and 
their equivalents. 
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What is claimed is : 

1. A PDP (plasma display panel) for displaying an image 
based on a gas discharge in discharge cells formed between a 
5 first substrate and a second substrate, the first substrate 
facing the second substrate, wherein the first substrate 
includes : 

a) transparent electrode pairs having transparent electrodes 
arranged in parallel and spaced apart from each other by a 

10 predetermined distance along a direction of a display line; 

b) a black matrix disposed between the transparent electrode 
pairs adjacent to each other and overlapped with a portion of 
each transparent electrode of the transparent electrode pair in a 
direction facing the second substrate; 

15 c) a metal electrode overlapped with the black matrix such 

that a portion of the metal electrode is overlapped with the 
transparent electrode in a direction facing the second substrate; 
and 

d) a dielectric layer covering the transparent electrode 
20 pair, the black matrix and the metal electrode, and a passivation 
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covering the dielectric layer, and 

wherein the second substrate includes a phosphor disposed at 
a surface facing the first substrate, the phosphor converting 
ultraviolet rays generated by the gas discharge into visible rays. 

2. The PDP according to claim 1, wherein the black matrix 
formed between the adjacent transparent electrode pairs and the 
black matrix overlapped with the portion of the each transparent 
electrode in the direction facing the second substrate are formed 
continuously. 

3. The PDP according to claim 1, wherein the black matrix 
formed between the adjacent transparent electrode pairs and the 
black matrix overlapped with the portion of the each transparent 
electrode in the direction facing the second substrate are formed 
intermittently. 

4. The PDP according to claim 1, wherein the metal 
electrode is formed using non-pigmented metal. 
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5. The PDP according to any one of claims 1 to 3, wherein 
the black matrix is a dark color. 

6. A method for manufacturing a PDP (plasma display panel) 
for displaying an image based on a gas discharge in discharge 
cells formed between a first substrate and a second substrate, 
the first substrate facing the second substrate, the method 
comprising: 

preparing transparent electrode pairs having transparent 
electrodes arranged in parallel and spaced apart from each other 
by a predetermined distance on a first substrate's surface facing 
the second substrate; 

coating a first photosensitive paste on an entire surface of 
the first substrate where the transparent electrode pairs are 
formed, and drying the first photosensitive paste; 

exposing the dried first photosensitive paste through a 
first mask such that a portion of each of the transparent 
electrodes is exposed, and developing the first photosensitive 
paste; 

coating a second photosensitive paste on an entire surface 
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of the first substrate containing the developed first 
photosensitive paste, and drying the second photosensitive paste; 

exposing the dried second photosensitive paste through a 
second mask, such that one end of the photosensitive paste 
contacts with the transparent electrode and the other end 
contacts with the developed first photosensitive paste; 

forming a black matrix and a metal electrode by 
simultaneously firing the first and second photosensitive pastes; 

forming a phosphor layer on a second substrate's surface 
facing the first substrate, the phosphor layer converting 
ultraviolet rays generated by the gas discharge into visible 
rays ; and 

attaching the first substrate to the second substrate. 

7. The method according to claim 6, wherein the black 
matrix formed between the adjacent transparent electrode pairs 
and the black matrix overlapped with the portion of the each 
transparent electrode in the direction facing the second 
substrate are formed continuously. 
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8. The method according to claim 6, wherein the black 
matrix formed between the adjacent transparent electrode pairs 
and the black matrix overlapped with the portion of the each 
transparent electrode in the direction facing the second 
substrate are formed intermittently. 

9. The method according to claim 6, wherein the metal 
electrode is formed using non-pigmented metal. 

10. The method according to any one of claims 6 to 8, 
wherein the black matrix is a dark color. 
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ABSTRACT OF THE DISCLOSURE 

Since a black matrix is formed and then a transparent 
electrode is formed, power loss or breaking of the transparent 
electrode easily occurs in the transparent electrode. Light 
emitted from a phosphor is absorbed by the metal electrode and 
thus light cannot be emitted more than a line aperture ratio. 
Consequently, luminous efficiency is degraded. To solve this 
problem, the black matrix is more overlapped with a portion of 
the transparent electrode, such that a portion of the metal 
electrode is overlapped with the transparent electrode in a 
direction facing the second substrate. Also, power loss or 
breaking of the transparent electrode can be solved by reflecting 
visible rays generated from the phosphor. Luminous efficiency 
can be improved by reflecting the generated visible rays toward 
the phosphor without absorbing the visible rays. 
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Fig. 3 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 10 
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